Weekly intramuscular administration of testosterone esters such as testosterone enanthate (TE) suppresses gonadotropins and spermatogenesis and has been studied as a male contraceptive. For unknown reasons, however, some men fail to achieve azoospermia with such regimens. We hypothesized that either 1) daily circulating serum fluoroimmunoreactive gonadotropins were higher or testosterone levels were lower during the weekly injection interval, or 2) monthly circulating bioactive gonadotropin levels were higher in nonazoospermic men. We therefore analyzed daily testosterone and fluoroimmunoreactive gonadotropin levels as well as pooled monthly bioactive and fluoroimmunoreactive gonadotropin levels in normal men receiving chronic TE injections and correlated these levels with sperm production. After a 3-month control period, 51 normal men were randomly assigned to receive intramuscular TE at 25 mg (n ϭ 10), 50 mg (n ϭ 9), 100 mg (n ϭ 10), 300 mg (n ϭ 10), or placebo (n ϭ 12) weekly for 6 months. After 5 months of testosterone administration, morning testosterone and fluoroimmunoreactive follicle-stimulating hormone (FSH) and luteinizing hormone (LH) levels were measured daily for a 1-week period between TE injections. In addition, fluoroimmunoreactive and bioactive FSH and LH levels were measured in pooled monthly blood samples drawn just before the next TE injection. In the 100-mg and 300-mg TE groups, mean monthly fluoroimmunoreactive FSH and LH levels were suppressed by 86%-97%, bioactive FSH and LH levels by 62%-80%, and roughly half the subjects became azoospermic. In the 1-week period of month 6, daily testosterone levels between TE injections were within the normal range in men receiving placebo, or 25 or 50 mg of weekly TE, but were significantly elevated in men receiving 100 or 300 mg of weekly TE. At no point during treatment, however, were there significant differences in daily testosterone or fluoroimmunoreactive gonadotropin levels, or monthly bioactive gonadotropin levels between men achieving azoospermia and those with persistent spermatogenesis. This study, therefore, demonstrates that neither monthly nor daily differences in serum testosterone, or fluoroimmunoreactive or bioactive gonadotropins explain why some men fail to completely suppress their sperm counts to zero with weekly TE administration. Innate differences in the testicle's ability to maintain spermatogenesis in a low-gonadotropin environment may explain persistent spermatogenesis in some men treated with androgen-based contraceptive regimens.
achieve azoospermia with this approach (Handelsman et al, 1995; WHO, 1996; Amory and Bremner, 1998) .
Exogenous testosterone suppresses spermatogenesis primarily through feedback inhibition of the secretion of the pituitary gonadotropins, follicle-stimulating hormone (FSH) and luteinizing hormone (LH), which are required for spermatogenesis and testosterone synthesis. We have previously reported that weekly testosterone enanthate (TE) administration in 100-or 300-mg doses induced azoospermia in only about half of normal young men (Matsumoto, 1990 ). Why sperm counts in some men suppress to zero whereas other subjects continue to produce sperm when administered weekly TE is unclear. Monthly preinjection testosterone and gonadotropin levels in men given weekly intramuscular TE have been shown not to correlate with sperm counts (Wallace et al, 1993) ; however, more comprehensive assessment of hormone levels has not been undertaken. We hypothesized that men who fail to suppress their sperm counts to zero may have either 1) lower daily testosterone levels or higher fluoroimmunoreactive gonadotropin levels at some point between weekly TE injections; or 2) less suppression of monthly bioactive fluoroimmunoreactive gonadotropins, which allows low levels of spermatogenesis to persist. To our knowledge, monthly bioactive gonadotropin concentrations, and daily testosterone and gonadotropin levels using highly sensitive fluoroimmunoreactive gonadotropin assays in men injected chronically with varying doses of weekly TE, have not previously been reported. Therefore, we measured monthly serum fluoroimmunoreactive and bioactive FSH and LH, and daily serum fluoroimmunoreactive testosterone, FSH, and LH levels over a 1-week period between TE injections in normal eugonadal young men who had received weekly doses of 25, 50, 100, 300 mg TE or placebo testosterone for 5 months. To test our hypothesis, we compared the hormone levels between TE injections in those men who suppressed to azoospermia and those who did not.
Materials and Methods

Subjects
Fifty-one normal men (mean age, 29 Ϯ 1 year) were studied. All had a normal medical history; physical examination; hematologic and blood chemistry studies; serum cholesterol and triglyceride levels; urinalysis; and basal serum testosterone, FSH, and LH levels. Six seminal fluid analyses, obtained at 2-week intervals over 3 months, were normal in all of these subjects (ie, sperm concentration greater than 20 million/mL; motility greater than 50%; greater than 60% oval forms [WHO guidelines]). Information on these subjects (specifically, monthly testosterone and gonadotropin levels using an older, less-sensitive radioimmunoassay and sperm counts) has been previously reported in a study investigating the dose-response effects of TE administration (Matsumoto et al, 1990 ). There were no differences in baseline hormone levels or testis size between treatment groups. Forty-four of 51 subjects completed the study; the other 7 subjects (3 in the placebo group, 1 in the 25 mg group, 2 in the 50 mg group, and 1 in the 300 mg group) were disqualified from the study and not included in the analysis because they failed to report for all scheduled blood draws.
Experimental Design
The first 3 months of the study constituted a control period during which observations and measurements were performed in each subject, but no hormones were administered. After the control period, subjects were randomly assigned in a balanced, double-blind design into 1 of 5 treatment groups: sesame oil vehicle (placebo) 1 mL, intramuscular weekly (n ϭ 12); or TE in sesame oil vehicle (Delatestryl, Squibb and Sons, Princeton, NJ) 25 mg (n ϭ 10), 50 mg (n ϭ 9), 100 mg (n ϭ 10), or 300 mg (n ϭ 10) each in 1 mL, intramuscularly, weekly for 6 months. All injections were administered by an investigator or a registered nurse. Subjects were dropped from the study if they missed 2 consecutive injections or more than a total of 2 injections during the treatment period. The University of Washington Human Subjects Review Committee and the Veterans Affairs Puget Sound Health Care System Research and Development Committee approved the study protocol.
Measurements
Serum FSH and LH levels by fluoroimmunoreactive assay were measured in all monthly samples, and FSH and LH bioactivity was measured using in vitro bioassays in pooled samples composed of equal aliquots of monthly samples from the control and treatment periods. After 5 months of TE treatment, subjects underwent 1 week of daily morning blood draws for measurement of serum testosterone by radioimmunoassay, and FSH and LH by fluoroimmunometric assay just before a TE injection. Samples were collected in 1988-89 and immediately frozen. Samples were thawed once in 1989 for measurement of testosterone. Samples were then stored at Ϫ70ЊC until 1995 when they were reanalyzed with the newer, more-sensitive, fluoroimmunoreactive and bioactive gonadotropin assays. Throughout the study, all subjects submitted twice monthly seminal fluid specimens, obtained by masturbation, after 48 hours of abstinence from ejaculation.
Hormone Assays
Serum testosterone levels were measured by radioimmunoassay using reagents from the WHO-matched reagent program by methods previously described (Matsumoto et al, 1983) . The assay sensitivity was 0.5 ng/mL; the intraassay and interassay coefficients of variation (CVs) were 5.1% and 9.8%, respectively. Serum FSH and LH were measured in the Delfia fluoroimmunometric assay (Wallac Oy, Turku, Finland). The sensitivity of the Delfia fluoroimmunometric assay for FSH was 0.016 IU/L with an intraassay CV 2.5% and an interassay CV of 4.0% at 2 IU/L, and intraassay and interassay CVs of 5.1% and 8.3%, respectively, at 0.05 IU/L. The sensitivity of the Delfia fluoroimmunometric assay for LH was 0.018 IU/L, with an intraassay CV of 2.8%, an interassay CV of 5.0% at 2 IU/L, and intraassay and interassay CVs of 6.2% and 9.4%, respectively, at 0.05 IU/ L. Serum bioactive FSH and LH levels were determined by in vitro rat granulosa cell and in vitro mouse Leydig cell bioassays, respectively, as previously described (Tenover et al, 1987; Dahl et al, 1989) . The sensitivity of both the FSH and LH bioassays was 15 g/L. The intraassay and interassay variabilities of the FSH bioassay were 10% and 14%, respectively, at 200 g/L; and 15% and 18%, respectively, at 50 g/L. The intraassay and interassay variabilities of the LH bioassay were 10% and 16%, respectively, at 200 g/L; and 13% and 19%, respectively, at 50 g/L. All samples from an individual were run in the same assay and each assay contained subjects from all experimental groups. There appears to be a negligible effect of long-term storage on samples as both gonadotropin assays have been shown to be highly reproducible for periods exceeding 5 years on samples frozen at Ϫ70ЊC. Daily serum testosterone levels (ng/mL) are higher in normal men after receiving 300 mg of intramuscular TE weekly in treatment month 6 (mean Ϯ SEM). * indicates significant at P Ͻ .05 from placebo, 25 mg, 50 mg, and 100 mg groups; ϩ, significant at P Ͻ .05 from placebo.
Sperm Counts
Azoospermia was defined as 2 or more consecutive sperm counts of zero. Sperm counts were determined with a Coulter counter (Coulter Electronics, Inc, Hialeah, Fla), and concentrations less than 15 million/mL were confirmed by direct determination using a hemocytometer (Bremner et al, 1981) .
Statistical Analysis
Mean daily testosterone, LH, and FSH levels (Ϯ SEM) were calculated for each group. When levels were below the limit of detectability of the fluoroimmunometric assay for gonadotropins (namely, 0.016 IU/L for FSH and 0.018 IU/L for LH), these lowest detectable values were used in the analysis. Comparisons between hormone levels among the 5 groups were determined by ANOVA with the Duncan post hoc correction. No subjects in the 25-mg or 50-mg TE or placebo group achieved azoospermia. Therefore, a t-test was used for comparisons between subjects achieving azoospermia and those with persistent spermatogenesis in the 100-and 300-mg TE groups. For all comparisons, P Ͻ .05 was considered significant.
Results
Daily Testosterone and Gonadotropin Levels Between TE Injections
Men receiving placebo, or 25 mg or 50 mg of TE weekly had testosterone levels within the normal range (2.8-10 ng/mL) throughout the week of daily blood draws during treatment month 6 (Figure 1 ). At no point during the weekly injection interval were the serum testosterone levels significantly different among these 3 groups, although there was a discernable pattern of small increases, then decreases through the week in the men receiving TE (Figure 1) . Men receiving 100 mg TE weekly had values of serum testosterone at or slightly above the normal range, and significantly different from placebo levels, for the first 2 days after the injection, but serum testosterone was within the normal range from days 3 through 7 after the injection. Men receiving 300 mg TE weekly had serum testosterone levels above the normal range throughout the injection interval (mean serum testosterone, 14.6 Ϯ 1.6 ng/mL). These testosterone levels were significantly elevated compared with all other groups at every time point (P Ͻ .001 compared with placebo; P Ͻ .05 compared with 100 mg weekly TE).
Daily serum fluoroimmunoreactive FSH and LH levels were decreased in a dose-dependent fashion after 5 months of intramuscular TE when compared with placebo ( Figure 2A and B) . FSH and LH levels were significantly lower compared with those of placebo throughout the injection interval in the 50 mg TE group, but not in the 25 mg group. Fluoroimmunoreactive gonadotropin suppres- sion was close to complete (greater than 97%) in the 100 mg and 300 mg TE groups throughout the week-long period after TE injection (mean FSH, 0.06 Ϯ 0.02 IU/L and 0.02 Ϯ 0.01 IU/L; mean LH, 0.07 Ϯ 0.02 IU/L and 0.02 Ϯ 0.01 IU/L; P Ͻ .001 vs placebo; P Ͻ .05 vs 25 mg and 50 mg TE). There were no statistically significant differences in daily gonadotropin levels between the men in the 100 mg and 300 mg TE groups during the 1-week period. No subjects in the placebo, 25 mg, or 50 mg TE groups had gonadotropins suppressed below the lower limit of the assay. Seven of 10 and 8 of 9 men in the 100 mg and 300 mg TE groups, respectively, had either an FSH or an LH level below this level (P ϭ NS).
Monthly Bioactive and Fluoroimmunoreactive Gonadotropins
Both monthly bioactive and fluoroimmunoreactive gonadotropins were suppressed in a dose-dependent fashion by exogenous weekly TE when compared with baseline (Table 1). In the 100 mg and 300 mg TE groups, the pooled monthly fluoroimmunoreactive gonadotropins were more significantly suppressed by 300 mg than by 100 mg TE, but serum bioactive gonadotropin levels were not significantly different between men receiving 300 mg of TE and 100 mg of TE. Fluoroimmunoreactive gonadotropins were more suppressed than the bioactive gonadotropins in both the 100 mg and 300 mg TE groups. Monthly fluoroimmunoreactive FSH was suppressed by 86% and 97% in the 100 mg and 300 mg TE groups, respectively, whereas fluoroimmunoreactive LH was suppressed by 88% and 97%, respectively, in the same groups. Monthly bioactive LH was suppressed by 82% and 79%, respectively, in the 100 mg and 300 mg TE groups, whereas bioactive FSH was depressed only by 68% and 62%, respectively, in these same groups.
Sperm Counts
Sperm counts in the placebo and 25 mg TE groups did not differ significantly from baseline levels. Sperm counts in the 50 mg TE groups were suppressed by 60% from baseline levels (Matsumoto, 1990) , and no subject in the placebo, 25 mg TE, or 50 mg TE group achieved azoospermia during the 6-month study period. Five of 10 men (50%) in the 100 mg group achieved azoospermia, and 5 of 9 men (55%) in the 300 mg group achieved azoospermia (P ϭ NS). Among the oligoazoospermic men, the average nadir sperm count in the 100 mg TE group was 1.9 Ϯ 2.7 million/mL compared with 11.4 Ϯ 10.7 million/ mL in the 300 mg TE group (P ϭ NS).
Comparison of Azoospermic and Nonazoospermic Subjects
Because only subjects in the 2 high-dose testosterone groups achieved azoospermia, these 2 groups were compared for differences in hormone levels between the subjects who achieved azoospermia and those who did not. There were significant differences in pretreatment fluoroimmunoreactive gonadotropin levels between those who suppressed to azoospermia and those who did not (fluoroimmunoreactive FSH, 2.82 Ϯ 0.36 IU/L in azoospermia, and 1.58 Ϯ 0.21 IU/L in oligoazoospermia; fluoroimmunoreactive LH, 4.36 Ϯ 0.58 IU/L in azoospermia, and 2.83 Ϯ 0.34 IU/L in oligoazoospermia; P Ͻ .05 for both comparisons) and sperm counts (65 Ϯ 12 million/ mL for azoospermia vs 121 Ϯ 18 million/mL for oligoazoospermia: P Ͻ .05). However, there were no significant differences in baseline serum testosterone, bioactivity, or testis size between those who suppressed to azoospermia and those who did not. Moreover, there were no differences in serum testosterone at any point in the injection interval in men in the 100 mg and 300 mg groups who achieved azoospermia compared with those who persistently had sperm in their ejaculates (Table 2 ). In addition, there were no differences in serum fluoroimmunoreactive gonadotropins during the 1-week interval after TE injection between azoospermic and nonazoospermic men. There were also no differences in monthly bioreactive gonadotropin levels during treatment between those who achieved azoospermia and those who did not (mean bioactive FSH, 134 Ϯ 15 g/L and 103 Ϯ 12 g/L; mean bioactive LH, 41 Ϯ 6 g/L and 54 Ϯ 9 g/L; for azoospermic and nonazoospermic subjects; P ϭ NS).
Discussion
In summary, we have shown that in normal men receiving chronic TE injections, daily serum testosterone levels are significantly elevated in subjects receiving 100 mg or 300 mg of weekly TE. These supranormal levels of testosterone are sufficient to suppress both pooled monthly and daily serum fluoroimmunoreactive gonadotropins by 85%-97%, and monthly bioactive FSH by 65% and bioactive LH by 80% during treatment compared with baseline.
Roughly half of the subjects in the 100 mg and 300 mg TE groups achieved azoospermia, but there were no differences in daily serum testosterone or daily fluoroimmunoreactive gonadotropin levels or monthly fluoroimmunoreactive or bioactive gonadotropin concentrations in those achieving azoospermia and those who did not. These findings demonstrate that the failure to induce azoospermia with weekly TE injections in normal men is not a function of measurable daily differences in serum testosterone, serum fluoroimmunoreactive gonadotropin levels, or monthly bioactive gonadotropin levels during treatment. This conclusion extends the findings that monthly differences in testosterone and immunoreactive gonadotropins are unlikely to be responsible for the maintenance of minor degrees of spermatogenesis on contraceptivedosage testosterone (Wallace et al, 1993; Handelsman et al, 1995) , and demonstrates that simply increasing the dose of testosterone in male contraceptives is unlikely to result in greater efficacy.
It is clear from our study that increased negative feedback from the higher levels of circulating androgens in the 300 mg TE group was able to significantly decrease fluoroimmunoreactive gonadotropins compared with the 100 mg TE group, but was unable to further decrease gonadotropin bioactivity. This implies that significant gonadotropin activity may persist in vivo despite almost complete suppression of serum fluoroimmunoreactive gonadotropins. This activity is likely due either to relatively high residual bioactivity from the low levels of fluoroimmunoreactive gonadotropins or bioactivity from other sources. Because sera from men with idiopathic hypogonadotropic hypogonadism demonstrates bioactivity levels at or below the limit of sensitivity of this assay (data not shown), we believe that the bioactivity measured in the present study is accurate and may be enough to sustain spermatogenesis in some men. However, the absolute level of bioactivity required to maintain spermatogenesis clearly differs between individuals. This finding suggests that measurement of serum bioactive gonadotropins, and bioactive FSH in particular, may be a more useful and sensitive indicator of gonadotropin activity in hormonebased male contraceptive trials than fluoroimmunoreactive gonadotropin values, which are likely to be at or near the limit of detectability. In addition, future efforts at improving contraceptive efficacy could be directed specifically at reducing gonadotropin bioactivity.
Although there was a difference in baseline fluoroimmunoreactive gonadotropins between azoospermic and oligoazoospermic men in the 100 mg TE and 300 mg TE groups, this is an unlikely explanation for the difference between men who suppressed to azoospermia and those who did not for several reasons. First, these baseline values were within the normal range. Second, the baseline bioactive gonadotropin levels were not different. Last, baseline differences in fluoroimmunoreactive gonadotropins have not been demonstrated in previous studies of this issue (Wallace et al, 1993) .
A potential drawback to this study is the fact that the samples were 6 to 7 years old when reanalyzed using the newer, more-sensitive fluoroimmunoassay and the bioassay. However, we do not believe that the results obtained were adversely affected for two reasons: first, the samples had not been thawed more than once prior to the assays used in the present study; and second, all samples from a given subject were run in the same assay, thereby limiting the potential for variability. In addition, our expe-
